ABSTRACT On 9 July 2002, while sampling a flowing segment of the North Fork Ninnescah River 10 km upstream from Cheney Reservoir, Reno County, Kansas, we observed and collected dead and dying specimens of 5 fish species. We attribute the fish kill to high water temperature, which reached 38.0ЊC on this day. RESUMEN El 9 de julio del 2002, mientras muestreábamos un segmento con corriente del río North Fork Ninnescah, 10 km río arriba de la presa Cheney, en el condado de Reno en Kansas, observamos y recolectamos cinco especies de peces moribundos y muertos. Atribuimos la muerte de los peces a la alta temperatura del agua registrada ese día, la cual alcanzó los 38.0ЊC.
Effects of temperature are generally sublethal, but in extreme cases temperature and associated stressors can directly cause fish mortality (Beitinger et al., 2000) . The most commonly reported instances of mortality attributable to high water temperatures are among fishes that become isolated in streambed pools for extended periods (Tramer, 1977; Matthews et al., 1982; Mundahl, 1990) or in receding lakes (Bailey, 1955) . Limited volume of these isolated waters makes them susceptible to rapid changes in physical and chemical conditions. Mortality of fishes attributable to high water temperature is believed to be common, although it is infrequently observed in the field (Bailey, 1955) . We are aware of only 2 published reports (Huntsman, 1942 (Huntsman, , 1946 of temperature-induced mortality among fishes in lotic habitats, both of which describe mortality in coldwater streams. The purpose of this paper is to describe observations of a fish kill in a flowing warmwater stream that we attribute to high water temperature. Our account is necessarily observational because the transience of the event, encountered in the field, precluded experimental manipulation.
On 8 and 9 July 2002, we sampled the North Fork Ninnescah River (37Њ50Ј41ЉN, 97Њ56Ј09ЉW) approximately 10 km upstream from Cheney Reservoir, Reno County, Kansas. Our purpose was to document the composition of the fish assemblage in relation to habitat variables. We sampled this site for approximately one hour, beginning at 1830 h, using 2 seines (1.8 ϫ 3.4 m and 1.8 ϫ 9.1 m, with 5-mm mesh) and making an effort to sample all available habitat types. Captured fish were preserved in 10% buffered formalin. Water quality parameters (temperature, dissolved oxygen, conductivity, and turbidity), stream width, stream depth, and current velocity were recorded in each habitat sampled. In addition to our measurements, hourly water temperature and stream discharge measurements were obtained from the U.S. Geological Survey gaging station (#07144780) located at the site.
We collected 518 fish representing 9 families and 14 species on 8 July 2002 (Table 1) . Red shiner (Cyprinella lutrensis) and sand shiner (Notropis stramineus) were the most common species, collectively representing 80% of the total catch. Northern plains killifish (Fundulus kansae) and white perch (Morone americana) were the third and fourth most abundant species, respectively. These 2 species combined represented an additional 12% of collected specimens. All other species individually represented fewer than 2% of collected specimens. Physical and chemical conditions (mean Ϯ SD) recorded at the time of sampling were: water temperature 35.0 Ϯ 0.17ЊC, dissolved oxygen concentration 6.93 Ϯ 0.17 mg/L, conductivity 1,115 Ϯ 104 S/cm, and turbidity 69.2 Ϯ 9.4 NTU. Mean current velocity was 0.37 Ϯ 0.08 m/s, mean stream depth was 20 Ϯ 7.8 cm, and stream width was 34.7 m.
On 9 July, we returned at 1730 h to collect additional samples. While sampling, we observed freshly dead or moribund fish in our seine samples. After collecting several afflicted specimens, we ceased seining and collected all dead or moribund fish encountered as recommended by the American Fisheries Society (1992) and Labay and Buzan (1999) . Dead or moribund fish were taken for approximately one hour from a 200-m river reach.
We collected 37 specimens that were dead or moribund. Death was observed in 5 species, including white perch, white bass (Morone chrysops), freshwater drum (Aplodinotus grunniens), white crappie (Pomoxis annularis), and river carpsucker (Carpoides carpio) ( Table 1) . White bass, white crappie, and freshwater drum are relatively uncommon in the North Fork Ninnescah River ( Johnson, 2004) and were not collected by us on 8 July. The few individuals of these 3 species that we found on 9 July probably were more likely to be found because they were moribund or dead. All species collected on 8 July 2002 also were present in samples taken on 9 July 2002, although fish were not counted; thus, only a subset of the fish community was found dead or moribund.
We measured and recorded standard lengths of white perch collected on both days. Range of lengths for white perch collected on 8 July was 50 to 155 mm (n ϭ 12). Lengths of white perch collected dead or moribund on 9 July ranged from 52 to 265 mm (n ϭ 28). There was no significant difference between lengths of fish collected alive and dead or moribund (t ϭ 1.54, df ϭ 38, P ϭ 0.133). Range of standard lengths for other affected species collected on 9 July was: white bass, 187 to 222 mm (n ϭ 3); freshwater drum, 261 to 315 mm (n ϭ 3); white crappie, 104 to 109 mm (n ϭ 2); and river carpsucker, 360 mm (n ϭ 1).
It seems that high water temperature, which reached 38.0ЊC on 9 July, resulted in acute heat death of fish in the sampled portion of the river (Fig. 1) . Maximum water temperature on 9 July was higher than on any previous day during 2002 at our sampling site and exceeded laboratory-determined thermal tolerances for nearly all of the species collected (Beitinger et al., 2000) , especially among those species for which we collected dead and moribund specimens. Dissolved oxygen concentrations were greater than 5.0 mg/L, so it is unlikely that dissolved oxygen was the cause of the fish kill. However, we cannot discount the possibility that some unmeasured and unidentified waterquality parameter was responsible for the fish kill. Because we observed individual fish through all stages of affliction, from initially behaving normally to losing equilibrium and ultimately dying, we are confident that the observed fish kill was due to conditions at this site.
Temperature tolerances vary widely among fish species, and among individuals within species there generally is a positive relationship between temperature tolerance and the temperatures to which fish recently have been exposed (Brett, 1956; Brown and Feldmeth, 1970) . Because water temperatures in the North Fork Ninnescah River were elevated (up to 35ЊC) for several days preceding the observed fish kill, it is not surprising that some species, for example, emerald shiner (Notropis atherinoides) and sand shiner, apparently were unaffected by high water temperatures on 9 July 2002, even though ambient water temperatures exceeded their laboratory-determined tolerances (Matthews and Maness, 1979; Smale and Rabeni, 1995) . White perch is native to coastal drainages ranging from Nova Scotia south to South Carolina and is most abundant in the Hudson River and Chesapeake Bay (Burgess, 1980) . White perch was inadvertently introduced into Cheney Reservoir in 1994 and apparently was the species most affected by high water temperatures in the North Fork Ninnescah River. Of the other species affected, 3 (white bass, white crappie, and freshwater drum) are native to drainages farther east in Kansas, but were not likely native to the Ninnescah River basin (Cross, 1967; M. Eberle, pers. comm.) . In western Kansas, which includes the Ninnescah River basin, these 3 species occur in impoundments and nearby stream segments (Cross, 1967) . Thus, they might be more susceptible to heat stress when they move into shallow river segments during the summer and are unable to move into cooler microhabitats. Interestingly, it did not appear that size of fish was an important factor contributing to the death of white perch that we observed.
Reservoir construction, groundwater with-drawal, and irrigation diversions have resulted in extensive modifications of streams and rivers throughout the Great Plains. These changes have altered the discharge of these systems, which has caused streams and rivers to narrow and deepen and become confined to a single unbraided channel, in which a greater portion of the stream channel is shaded by gallery forests (Friedman et al., 1998) . Associated with these changes in stream habitats has been a decrease in the distribution and abundance of several obligate stream fishes that usually are attributed to competition with, and predation by, species that historically were absent or uncommon in these streams (Cross and Moss, 1987; Pfleiger and Grace, 1987; Bonner and Wilde, 2000) . Our observations suggest that the composition of the present fish assemblages might be structured, in part, by extremes in physical and chemical conditions. Among these, high water temperatures during summer periods of low discharge probably limit the ability of some species to inhabit these streams, even when they maintain some flow. ABSTRACT Ovarian follicular development and ovulation were studied by ultrasound scanning in the Mexican viviparous lizard Barisia imbricata. A linear ultrasound unit with variable capacity from 5 to 10 MHz was used. Vitellogenic follicle diameters ranged from 3.3 to 9.8 mm and were present in the lizards between September and December. Also, corpora lutea and uterine eggs were identified. The ultrasound is an excellent non-invasive technique to determine seasonal reproductive changes and can be combined with other techniques to monitor the reproductive process.
RESUMEN El desarrollo folicular del ovario y la ovulació n fueron estudiados en la lagartija vivípara mexicana Barisia imbricata mediante la técnica de ultrasonido. Se utilizó una unidad linear con capacidad variable de entre 5-10 MHz. Los diámetros de folículos vitelogénicos variaron de 3.3 a 9.8 mm y estuvieron presentes entre septiembre y diciembre. Cuerpos lú teos y huevos uterinos también fueron identificados. El ultrasonido es una excelente técnica no destructiva para determinar los cambios reproductivos estacionales y puede ser combinado con otras técnicas para el seguimiento del proceso reproductor.
Numerous papers published since 1980 have documented the gonadic changes that occur during reproductive cycles of several reptiles. Most information concerning ovarian follicular dynamics has been obtained through the sacrifice of females of several species of Squamata, principally lizards (for review see Xavier, 1987; Uribe et al., 1996) . However, several reports show that some populations of reptiles are at risk of extinction (Wilson and McCranie, 2004) ; therefore, the sacrifice as a method to determine the reproductive condition could be replaced by alternative techniques that allow study of the reproductive process without killing the organism. In lizards, several non-destructive and non-invasive techniques have been used, such as laparoscopy (Schildger et al., 1993) , blood analyses (Bourne and Seamark, 1972) , radiography (Schildger et al., 1993) , and ultrasonography (Schildger et al., 1996) , to study ovarian changes. We were interested to learn the potential of the non-invasive techniques to study of the reproductive biology of viviparous Mexican lizards. The goal of this study was to evaluate the efficacy of ultrasound scanning to determine follicular de-velopment and timing of ovulation in the temperate viviparous lizard Barisia imbricata (Flores-Villela and Canseco-Márquez, 2004) . Validation of ultrasound observations by ovarian visualization by laparotomy also is included.
Adult females (n ϭ 59; snout-vent length: 109 Ϯ 12 mm; weight: 29.2 Ϯ 7.1 g) were collected in Cuautitlan, State of México (19Њ30ЈN, 100Њ15ЈW) during the first weekend of each month from August to December in 2000 and 2002. Lizards were marked by toe clipping for individual identification and transported immediately to the laboratory, where snout-vent length and weight were recorded. One to 3 days after capture, all females were submitted to ultrasound study for visualization of both ovaries and identification of vitellogenic follicles (VF), corpus lutea (CL), and uterine eggs (UE). The longest diameter of 2 VF, CL, or UE was measured with the electronic caliper system of the ultrasound device, and the images were recorded. In November and December, the ultrasound examination was repeated on a biweekly basis to detect ovulation.
The day following ultrasound assay, some lizards were submitted to laparotomy to validate the observations made during the ultrasound procedures (n ϭ 6 in August, n ϭ 6 in September, n ϭ 6 in October, n ϭ 8 in November, n ϭ 7 in December). The follicular development was followed both in the intact and laparotomized lizards. Finally, prior to ultrasound assay, all lizards collected in November and December were submitted to abdominal palpation (Cuellar, 1971) and radiographic analysis to determine the presence of VF.
An ultrasound unit of linear array with variable capacity from 5 to 10 MHz was used in this study. Initially the lizards were placed in a dorso-lateral position, and the hind limb ipsilateral to the ovary being evaluated was pulled back. Next, the transducer was lubricated with coupling gel (Aquasonic 100 ultrasound transmission gel, Parker Laboratories, Inc., Orange, New Jersey) and placed on the soft tissue area of the suprainguinal (Robeck et al., 1990) . Both ovaries were imaged and scanned independently, and the structures imaged (i.e., VF, CL, or UE) were measured and recorded.
For examination by laparotomy, lizards were anesthetized with ether and a ventrolateral incision was made. Immediately after exposure of ovaries, the presence of VF, CL, and UE were verified. Lizards were sutured and placed in an individual terrarium (30 ϫ 40 ϫ 30 cm) with free access to water and food (mealworms, domestic crickets, and grasshoppers) in a greenhouse of the UMF-FES Iztacala UNAM (19Њ36ЈN, 98.5Њ11ЈW; 2,250 m elevation) during the following 3 days to allow their recovery. The day of the surgery and the following day, each lizard received an injection (I. M.) of 5,000 I.U. of penicillin G and 500 g of streptomycin sulfate. Afterwards, the lizards were maintained in semi-captivity with free access to water and food in the same greenhouse of the UMF-FES Iztacala UNAM throughout the study. Temperature was not controlled and oscillated between Ϫ1ЊC (minimum temperature registered at 0600 h on winter days) to 32ЊC (maximum temperature registered at 1500 h on spring days), and photoperiod was natural. The lizards used in this study were liberated where they were previously collected after completion of the study
We were able to visualize the VF, CL, and UE by ultrasound examinations of the ovaries of B. imbricata females. Vitellogenic follicles were observed from September until December and were yellowish and spheroid in morphology when examined by laparotomy. The diameters of the VF of the lizards captured in September were 3.3 to 4.3 mm (Fig. 1a) . Increments in the follicular diameters were observed in the females collected in the following months (October, November, and December) ( Fig. 1b ; Table 1). When follicles longer than 8 mm were examined by laparotomy, they showed an extensive blood supply and ischemic circular area (stigma). These follicles were recognized as preovulatory follicles and were observed in November and December (Fig. 1c) . Follicular development was inhibited in all lizards examined by laparotomy in August, and in the majority of lizards laparotomized in September and October (Table 2) .
Ovulation occurred in November and December. The CL were recognized by the appearance of an ''open mouth'' a round black area surrounded by a grayish zone on the ultrasound plate (Fig. 1d) . In laparotomized lizards, the CL were observed on the ovary in several females collected in November and in the majority of the lizards captured in December (Fig. 1e, Table 1 ). However, ovulation occurred in only 50% of the lizards containing 3.5 to 6.4 --November (n ϭ 14)
7.3 to 9.8 3.5 to 4.1 (n ϭ 5)* 7.6 to 10.0 December (n ϭ 13)
7.4 to 9.4 3.9 to 4.3 (n ϭ 9)* 7.5 to 10.6 n ϭ Lizards collected. * Number of lizards whose corpus lutea were observed in the first ultrasound assay. August (n ϭ 6) 0 0 August (n ϭ 2) 1 (50%) 0 September (n ϭ 5) 2 (40%) 0 September (n ϭ 6) 4 (66%) 2 (33%) October (n ϭ 6) 2 (33%) 0 October (n ϭ 8) 6 (75%) 5 (37.5%) November (n ϭ 8) 6 (75%) 4 (50%) November (n ϭ 6) 5 (90%) 4 (66%) December (n ϭ 7) -5 (71%) December (n ϭ 6) -6 (100%) preovulatory follicles that underwent laparotomy in November. The diameters of CL were 3.5 to 4.3 mm (Table 1) . Uterine eggs were visualized in lizards from November; they showed an irregular shape on the ultrasound plate when they were observed a few days after ovulation (Fig. 1f) . This appearance was confirmed by direct observation in laparotomized females. However, 2 weeks after ovulation, the eggs adopted an elliptical appearance (Fig. 1g) , and when we practiced laparotomy on these lizards, we observed that the eggs caused expansion of the uterine wall (incubation chamber). Moreover, each uterine chamber was separated by an interembryonic segment with a smaller diameter. The diameters of uterine eggs were 7.5 to 10.6 mm ( Table  1) .
We were unable to detect the presence of VF and UE in the females collected in November and December by means of abdominal palpation.
Radiography, laparoscopic survey, and ultrasound scanning have been used for the study of the reproductive tract in reptiles (turtles, Robeck et al., 1990; tuatara, Cree et al., 1991; snakes, Smith et al., 1989; lizards, Schildger et al., 1993) . Radiography and laparoscopy have been applied by Cree et al (1991) to determine the reproductive condition in Sphenodon punctatus females. However, radiography has the disadvantage in that the stages prior to ovulation cannot be determined, because the VF are radio transparent. Solely gravid females with eggs shelling can be detected (Cree et al., 1991) . We were unable to detect the presence of VF and UE by radiography.
We observed that the follicular development was arrested in the majority lizards submitted to laparotomy (September 60%, October 67%). Moreover, ovulation also was inhibited in high percent (e.g., November, 50%). Several authors have reported that acute stress causes inhibition of reproductive functions in reptiles (Greenberg and Wingfield, 1987; Ganesh and Yajurvedi, 2002) . Holzbauer and Newport (1969) showed that surgical treatments cause stress; therefore, the application of the laparoscopic survey might have caused inhibition of follicular development and ovulation in B. imbricata.
Ultrasound has been successfully used to study follicular development in reptiles (turtles, Casares et al., 1997; snakes and lizards, Schildger et al., 1993) . Our study confirmed that ultrasound scanning is an alternative, non-invasive, highly efficient technique that permits the detection of VF, follicular development, and ovulation in the viviparous lizard B. imbricata. The general aspects of the ovarian cycle of B. imbricata have been described (Guillette and Casas-Andreu, 1987) . According to Guillette and Casas-Andrew (1987) , vitellogenesis begins in follicles of 2.0 mm diameter. However, in our study, only vitellogenic follicles greater than 3 mm could be visualized clearly by ultrasound. This difference is possibly due to the fact that Guillette and CasasAndreu (1987) used a histological examination of the follicles, which permitted the observation of yolk deposition in early stages of vittellogenesis. Robeck (1990) reported that the identification of CL by ultrasound in the turtle Geochelone elehantopus was difficult because the echogenicity that shows these endocrine glands is similar to atresic follicles. In lizards, no previous reports show CL by ultrasound scanning. We were able to determine the presence of early CL in B. imbricata because these structures immediately after ovulation present an elliptical or irregular appearance and show an aperture in the place where the oocyte was released (Martinez-Torres et al., 2003) . During this study, similar structures were observed in females analyzed by ultrasound in November and December and confirmed the following day by direct observation. We found that the application of ultrasound scanning could help establish the follicular and gestational cycle in lizards. Cuellar (1971) established the presence of the mature oocytes and ovulation by mean abdominal palpation in Cnemidophorus uniparens. However, this was difficult to ascertain in B. imbricata because the presence of VF was only detected in anesthetized lizards that contained large follicles (e.g., Ͼ8 mm). This situation might be due to the rigid skin of B. imbricata.
The results of this research demonstrated the efficacy of ultrasound as a non-invasive technique for regular monitoring of follicular development and determination of ovulation time in the viviparous lizard B. imbricata. Moreover, ultrasound examination has the advantage that it can be combined with other techniques to follow the reproductive process. ABSTRACT We documented the effects of inadvertent nest destruction from road maintenance activities on the survivorship, reproductive success, and breeding dispersal of burrowing owls (Athene cunicularia) breeding in natural burrows along the water delivery system in the Imperial Valley of California. The activities affected 4 nests (7 adult owls) along an 800-m section of road, filling in or destroying all of the burrows. Three of 7 adult owls in the impacted area were killed, 2 of 2 active nests failed, 2 nests that had previously failed were destroyed and might have led to the dispersal of the surviving adults. We suggest that artificial burrows will reduce the conflict between maintenance and burrowing owl nests, which will benefit both owls and landowners. RESUMEN Documentamos los efectos de la destrucció n inadvertida de nidos causada por el mantenimiento vial en la sobrevivencia, el éxito reproductivo, y la dispersió n de la lechuza llanera (Athene cunicularia) anidando en madrigueras naturales a lo largo del sistema de distribución de agua del Imperial Valley de California. Las actividades afectaron cuatro nidos (7 lechuzas adultas) a lo largo de una secció n de 800 m de carretera, llenando o destruyendo todas las madrigueras. Tres de los siete adultos en el área impactada murieron, dos de los dos nidos activos fallaron, dos nidos que habían fallado previamente fueron destruidos y puede ser por lo que los sobrevivientes adultos se dispersaron. Sugerimos que unas madrigueras artificiales pueden reducir el conflicto entre el mantenimiento y los nidos de la lechuza llanera, lo cual será un beneficio para las lechuzas y para los propietarios de tierras. Notes
The burrowing owl (Athene cunicularia) is a Species of Special Concern in California and has declined in some parts of its range (Haug et al., 1993; Klute et al., 2003) . A major threat to burrowing owls is the loss of habitat due to development and the decline of burrowing mammals (Desmond et al., 2000; Holroyd et al., 2001; Klute et al., 2003) . In contrast, burrowing owls are known to thrive in areas of intense agriculture (Desante et al., 2004; Rosenberg and Haley, 2004) , and even the presence of agricultural fields near nests is associated with increased productivity (Belthoff and King, 2002) . Owls that inhabit already highly developed agricultural areas might be negatively affected by the loss of nesting burrows because of regular maintenance of water delivery systems and the roads near these systems (Coulombe, 1971; Rosenberg and Haley, 2004) . Here we document the effects of such maintenance on the survival, reproductive success, and breeding dispersal of burrowing owls.
Our study site was located within the Sonny Bono Salton Sea National Wildlife Refuge Complex and adjacent private agricultural lands in the Imperial Valley of southeastern California (33Њ07ЈN, 115Њ31ЈW) . This region contains the largest population of burrowing owls in California (Desante et al., 2004) . The study area is within the Colorado Sonoran Desert region, characterized by extreme summer temperatures and low precipitation. It is an intensive-use agricultural region, supporting crops throughout the year (Molina and Shuford, 2004) . Natural owl burrows and artificial owl nest boxes existed primarily along canals and drains within the agricultural matrix (Rosenberg and Haley, 2004) .
We trapped breeding owls during the 2002 breeding season (April to August) within an 11.7-km 2 central area of the study area by using spring-loaded traps and 2-way burrow traps (Catlin, 2004) . Owls were fitted with radio transmitters that had an approximately 400-day battery life (American Wildlife Enterprises, Monticello, Florida), a permanent harness mount, and a 5.08 Ϯ 0.02 g (mean Ϯ 1 SE; n ϭ 36) total assembly weight. These owls were initially included in an experiment investigating the effects of nest depredation on dispersal (Catlin, 2004) .
We used ground and aerial surveys to locate radio-tagged owls from June 2002 to April 2003. The receiving antenna consisted of 2, 4-element, Yagi antennae (Cushcraft Corp., Manchester, New Hampshire) joined by a null combiner (Telonics, Inc., Mesa, Arizona) and mounted to the back of a pickup truck (Gervais et al., 2003) . Ground surveys were performed weekly ( June through August 2002) or biweekly (September 2002 to April 2003 Catlin, 2004 ). After we located an owl via radiotelemetry, we attempted to confirm visually the status of the owl (alive or dead). In the case of owls that were found in the nest burrow, we used an infrared probe (Sandpiper Technologies, Manteca, California) to confirm the status at each interval. We used aerial surveys to locate owls that could not be located using the ground methods. We consistently searched an area of ca. 2,250 km 2 , providing a maximum area of detection of ca. 23 to 27 km from the central study-area (Catlin, 2004) . All of the owls included in the analyses presented here were relocated by the end of the study.
On 23 May 2002, during our weekly searches, we discovered that road grading and ditch maintenance, characteristic of agricultural operations in the region (Coulombe, 1971) , had inadvertently destroyed 4 nests with 7 radioharnessed adults. All holes to nesting and satellite burrows were covered or destroyed along an 800-m section of road. We observed that nest destruction was not only associated with mortality, but also with breeding dispersal. The nests that were destroyed were located on the earthen banks adjacent to water delivery ditches. Two of 4 nesting attempts were buried and failed because of the road and waterway maintenance. One of the destroyed nests contained young chicks, while the other was at the egg stage. Of the other 2 nests, one clutch was removed as part of an experiment (Catlin, 2004) and the other seemed to be abandoned before the maintenance. Therefore, all nests active at the time of the maintenance were destroyed.
Of the 7 radio-harnessed owls, 3 owls (2 male, 1 female) were buried in their burrow and died, 1 owl (male) died of unknown causes on or before the day of the maintenance (only the transmitter was found), and 3 owls (1 male, 2 female) survived throughout the season to breed the following year. The 3 adult owls that survived dispersed 1,064 Ϯ 508 m (mean Ϯ 1 SE) between breeding seasons.
Road and waterway maintenance activities are common within the Imperial Valley (D. H. Catlin, pers. obser.). Prior to this study, it was believed these activities might cause the loss of burrows (Coulombe, 1971; Rosenberg and Haley, 2004) , but it was difficult to determine if owls were buried or if they escaped. Our observations indicate that, although some owls did escape and disperse, some of the owls in the impacted area did not survive because of nest destruction during the breeding season, and this number might have been higher had it not been for the death of mates and nest failure prior to nest destruction. Moreover, all of the nests that were believed to be active at the time of the maintenance were destroyed.
Our observations indicate that maintenance had an effect on local survival, nest success, and dispersal, but our sample sizes are small. The Imperial Valley has an extremely high density of breeding burrowing owls (Desante et al., 2004; Rosenberg and Haley, 2004) , and inadvertent nest destruction has the potential to affect many owls. Maintenance activities, however, also benefit burrowing owls, as they clear the waterways of vegetation, making the habitat suitable for the owls (Coulombe, 1971; Green and Anthony, 1989; Rosenberg and Haley, 2004) . Destruction of these nests during the breeding season is a violation of the Migratory Bird Treaty of 1972 (Holroyd et al., 2001; Klute et al., 2003) , but the activities that contribute to nest destruction are ultimately positive. We suggest that artificial burrows (Trulio, 1995; Rosenberg and Haley, 2004) would alleviate some of this problem. Because they are more permanent and can be clearly marked, they are less likely to be destroyed inadvertently, allowing for both waterway maintenance and burrowing owl nesting.
The construction of artificial nests as a management tool is well documented (Trulio, 1995; Smith and Belthoff, 2001a; Belthoff and Smith, 2003) , and these artificial burrows might benefit the owls in other ways, such as increasing reoccupancy rates and providing long-term burrows in an otherwise intensively managed landscape (Belthoff and Smith, 2003) . Care should be taken when installing burrows, because occupancy is related to size (Smith and Belthoff, 2001b) , and not all individuals will relocate to closely placed artificial burrows (Smith and Belthoff, 2001a) . Smith and Belthoff (2001a) successfully relocated 2 of 5 artificial nests threatened by development. With such high densities already in the Imperial Valley, the primary benefit to the installation of artificial nest boxes would be a reduction of mortality and nest failure related to road and waterway maintenance activities. Furthermore, maintaining high burrowing owl densities could benefit farmers because burrowing owls consume a large number of agricultural pests (York et al., 2002; Rosenberg and Haley, 2004) . Considering recent declines, listing in Canada, and petitions to list in the United States, another benefit to installing artificial burrows would be the reduction of tensions between private landowners and groups concerned with the protection of burrowing owls. RESUMEN En general, el trampeo del tordo copete café (Molothrus ater) en Fort Hood, Texas, ha reducido el parasitismo en el vireo de capa negra (Vireo atricapilla). Sin embargo, el parasitismo permaneció alto (92.0% en 1999) en un cercano parche de hábitat de 20 ha. Como alternativa al trampeo, pasamos una hora a la semana en este parche disparándoles a los tordos durante las temporadas reproductivas del 2000 y 2001 y removiendo hasta 7 hembras cada temporada. El parasitismo se redujo después de los disparos (0-25%) y no volvió durante el siguiente año a los niveles de antes de los disparos. Un incremento en el éxito de la nidada de 0% antes de los disparos a 75 a 100% después de los disparos sugiere que los disparos tuvieron un efecto positivo en el éxito de la nidada en vireos. Nuestros resultados de un sitio de estudio sugieren que un esfuerzo mínimo en el uso de este tipo de control puede ser una alternativa efectiva al trampeo para mitigar las amenazas de parasitismo creadas por los tordos.
Brood-parasitic brown-headed cowbirds (Molothrus ater) have contributed to songbird declines, thus prompting cowbird removal by trapping (Rothstein and Cook, 2000) . Trapping has reduced parasitism in some instances (e.g., DeCapita, 2000), but its effectiveness can be limited by availability of suitable trap locations. For example, traps in foraging areas might be more effective than traps in breeding areas (Eckrich et al., 1999) , but foraging areas are often located on inaccessible private lands (Airola, 1986; Coker and Capen, 1995 (Eckrich et al., 1999 ) to 5.5% in 2003 (Summers and Norman, 2003 . However, such efforts have not reduced parasitism on Anderson Mountain, a disjunct, 20-ha habitat patch. In 1999, parasitism on Anderson was 92.0% compared to 5.4% elsewhere on Fort Hood. The nearest trap was Ն6 km from Anderson and shooting was not done there. Accessible, suitable trap sites were not available on or within 6 km of Anderson. Therefore, we implemented a pilot study involving limited (1 h per week) effort shooting to assess whether shooting by itself could reduce parasitism on Anderson.
During March through June 2000 and 2001, we spent 1 h per week between 0800 and 1100 CST shooting female cowbirds on Anderson Mountain. We used a 12-gauge shotgun firing 70-mm shells containing 31.5 g of number 8 shot. We used playback of a recorded female rattle call to lure females to exposed perches where they were shot (Dufty, 1982) . During 1999 During , 2000 During , 2001 , and 2002, we monitored 7, 5, 4, and 4 vireo territories on Anderson, respectively. We monitored cowbird parasitism (i.e., proportion of nesting attempts with Ն1 cowbird egg or nestling) before (1999; n ϭ 13), during (2000 and 2001; n ϭ 4 and 6, respectively), and after (2002; n ϭ 8) shooting, as well as the proportion of territories that produced vireo fledglings. We checked nests every 4 or 5 d. In 1999, we monitored 6 of 13 nests with miniature video cameras (Stake and Cimprich, 2003) . The lower number of territories monitored after 1999 is related to less intensive nest monitoring efforts following the camera study.
We used contingency table analysis to determine whether the proportion of parasitized nesting attempts varied among years, and we used Tukey-type multiple tests to determine which proportions varied (Zar, 1996) . We present 95% confidence intervals (CI) for all proportions (Zar, 1996) . We considered statistical tests to be significant at P ϭ 0.05.
We removed 11 (n ϭ 4 in 2000, n ϭ 7 in 2001) female cowbirds from Anderson Mountain. Parasitism was higher in 1999 (92%, CI ϭ 64 to 100%), before cowbird removal, than in 2001 (0%, CI ϭ 0 to 46%) or 2002 (25%, CI ϭ 7 to 65%) ( 2 ϭ 18.29, df ϭ 3, P Ͻ 0.01). There was considerable overlap in confidence intervals between 2000 (25%, CI ϭ 1 to 81%, n ϭ 4 nesting attempts) and all other years (n ϭ 6 to 13). No vireo young were fledged in 1999. Following shooting, 80%, 100%, and 75% of territories fledged young in 2000, 2001, and 2002, respectively. Qualitatively, parasitism seemed to be lower in 2000, following shooting, but was not statistically different from 1999. This seeming lag in the effectiveness of shooting is likely an artifact of the smaller number of nests in 2000. However, parasitism was lower in 2001, consistent with previous observations that removal of a small number of female cowbirds can reduce parasitism (Stutchbury, 1997) . Maintenance of low parasitism in 2002, following cessation of shooting, suggests that cowbird recolonization is not necessarily immediate following removal of locally breeding individuals. Thus, shooting might not be necessary on a yearly basis to maintain low parasitism levels. The large increase in fledging success after 1999, the preshooting year, suggests that shooting had a positive effect on nest success.
Our use of a single study site and small sample sizes do not allow us to draw strong inferences about the generality of our results. Nevertheless, we suggest that minimal-effort (1 h per week) shooting might be an effective means of reducing parasitism on small songbird populations threatened by cowbirds. Shooting conducted by trained individuals in a controlled manner might be particularly applicable in situations when trapping is ineffective (e.g., due to a lack of suitable trapping locations) or unfeasible (e.g., in areas of high trap vandalism). Further work is needed to test the generality of our results and to see if numbers of nesting vireos will increase following shooting.
